We have recently initiated the method of chromatographic resolution on a clay modified with an optically active metal chelate (Yamagishi, 1985) . The method was based on the finding that a racemic mixture of tris(1,10-phenanthroline)iron(II), [Fe(phen) 3] 1+, was adsorbed in excess of two times the cation exchange capacity (CEC) of a clay while the enantiomer of the same chelate was adsorbed within the CEC (Yamagishi, 1981) . The results indicate that a racemic mixture of [Fe(phen) 3] 2+ is adsorbed as a racemic pair, while the enantiomer of the same chelate is adsorbed in molecular units. These facts suggest that the surface of a clay modified with an optically active chelate is able to recognize the chirality of a molecule.
The above finding led to a column packed with an adduct of a clay and optically active [Ru(phen)3] 2+ being used for liquid column chromatography. As a result, the material has revealed high capability in resolving a number of organic and inorganic racemic compounds (Nakamura, 1988) . When the adducts of other kinds of ion-exchangers such as ion-exchange resins are used for the same purpose, quite low resolution is attained (Yamagishi, 1987) . In this respect, a clay provides a unique material for recognizing the chirality of a molecule.
It is, however, unclear how a resolved molecule interacts with an optically active chelate. In the present study, the isomer separation of a neutral complex, [Co(acac)2(aa)] (acac = acetylacetonato; aa = amino acidato), has been studied on a clay column modified with optically active [Ru(phen)3] 2 § Twelve complexes were synthesized and their chromatographic behaviors were compared under the same conditions. If selectivity depends on the subtle variation in the structures of the molecules, the results may provide clues to understanding the resolution mechanisms.
[Co(acac)2(aa)] was synthesized according to the method of Laurie (1968) . The crude product was purified by eluting on an alumina column. The final product was identified by the elemental analyses, NMR, IR, UV, and circular dichroism spectra. A cation exchange resin was used as purchased (Diaion SK # l, Mitsubishi Kasei Ind. Co., Japan).
To prepare a column, 1.5 g of spherically shaped synthetic hectorite was dispersed in ethanol (Nakamura, 1988 ). An amount of lambda-[Ru(phen)3]C12 equivalent to the CEC was added to it. After centriCopyright 9 1992, The Clay Minerals Society fuging the suspension, about 90% of the chelate was adsorbed by hectorite. The resultant clay-chelate adduct was packed into a stainless steel tube (50 mm x 4.0 mm (i.d.)) under pressure. An adduct of the same chelate with a cation exchange resin was prepared in the same way. In this case, about 50% of lambda-[Ru(phen)3]C12 was adsorbed by the resin. The adduct was packed into a glass tube (30 mm x 6.0 mm (i.d.)) as a slurry at atmospheric pressure.
Chromatographic separation was performed at room temperature using ethanol as a solvent. About 10 -6 mole of Co(III) complex was mounted on the column and eluted with ethanol at the flow rate of 0.2-1.0 mL/ min. The elution of a molecule was monitored by the absorbance change at 350 nm. No elution of the Ru(II) chelate was observed for a clay column. For the column of an ion-exchange resin, the Ru(II) chelate was eluted continuously. Therefore, the eluted fractions were analyzed after removing the Ru(II) chelate by passing through a new cation-exchange resin. Table 1 summarizes the chromatographic results. The selectivity depends on the structure of the coordinated amino acid. For aa = glycinato and alaninato, the delta-isomer shows the higher affinity towards the column. For aa = valinato, both isomers have equal affinity. For aa = leucinato and asparaginato, the lambda-isomer shows the higher affinity. For the alaninato complexes, delta-[Co(acac)2(L-alaninato)] is eluted faster than delta-[Co(acac)2(D-alaninato)]. Thus the absolute configuration of the coordinated alaninato molecule has a definite effect on the retention volume. For the chelates of other kinds of amino acids, the absolute configuration of a coordinate amino acid shows little effect on the elution behaviors.
In order to clarify the role of a clay, the resolution of [Co(acac)2(glycinato)] was attempted on a column packed with an ion-exchange adduct of a cation-exchange resin with lambda-[Ru(phen)3]Cl2. In this case, the eluted solution of [Co(acac)2(glycinato)] has no optical activity. Thus the column is unable to separate the isomers of this chelate.
X-ray diffraction patterns were recorded for: (1) a powder sample of a clay-lambda-[Ru(phen)3] 2+ adduct after being soaked in ethanol for one week, (2) a powder of the same adduct after being soaked in an ethanol solution with 1 mM of [Co(acac)2(glycinato)] for one week, and (3) a powder of the same adduct after being Yamagishi, Makino, Nakamura, and Sato Two kinds of stacking models were assumed: (A) the Co(Ill) chelate is located above the Ru(II) chelate and (B) the Co(II1) chelate is located by the side of the Ru(II) chelate. For both models, the distance between the Co(Ill) atom and the Ru(II) atom is fixed at 8/k. This length is chosen because the two complexes form a close association without steric interference at this distance. The rotation angle of the Co(III) chelate around the three-fold symmetry axis is chosen so that the binding energy is minimal.
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The binding energies for two isomers for each stacking model are compared in Table 2 . The lambda isomer of [Co(acac)2(glycinato)] has lower binding energy than the delta isomer for the A-stacking model. To the contrary, the delta isomer of [Co(acac)2(glycinato)] has lower binding energy than the lambda isomer for the B-stacking model. The intermediate of Co(acac)2(glycinato)] and [Ru(phen)a] v assumes the B-structure (side-byside). This is because the delta isomer shows a higher affinity towards the column than the lambda isomer ( Table 2 ). The calculation results do not explain why the intermediate does not take the A-structure even though it has more negative binding energy than the B-structure. One reason for this is that the calculation does not include the effect of solvent molecules.
For the present column, the separation of the isomers is accomplished by the intermolecular stacking interactions between the cobalt chelate and the pre-adsorbed lambda-[Ru(phen)3] v. The present observation of the amino acid effects on the separation selectivity of[Co(acac)2(aa)] isomers ( 
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